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  Background 
◦  GAS team 
◦  Nucleate Boiling 
◦  2001 Space Shuttle Experiment 
◦  Objectives 
  Experimental Apparatus 
  Testing and Experience 
  Results 
◦  Visual 
◦  On-set 
◦  Steady-State 
  Conclusions 
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  1976 – Gil Moore bought 1st GAS can 
  Involved with 13 GAS cans until the GAS 
program ended in 2003 
   Over the last 7 year been looking for more 
opportunities to do microgravity research 
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  One of 4 modes 
  High heat transfer rates 
  Wide range of 
terrestrial applications 
2010 Department of Physics Colloquium 4 
	  
Su
rf
ac
e 
H
ea
t F
lu
x,
 W
/m
2
Excess Temperature, oC
1 5 10 30 120 1000
103
104
105
106
107 Free 
Convection Nucleate Transition Film
Isolated 
bubbles
Jets and 
columns
Su
rf
ac
e 
H
ea
t F
lu
x,
 W
/m
2
Boiling regimes for water at 1 atm 
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  Where will the bubbles go? 
  Do they depart the heating surface? Why? 
  Is boiling an effective means of heat transfer 
without buoyancy? 
  How do system parameters such as working 
fluid, subcooling, surface geometry, and  heat 
flux affect boiling dynamics? 
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Rohsenow’s empirical model for pool boiling 
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Photo courtesy of Fukada 
Photo courtesy of Zhao 
Concentrated 
heating 
  Resistive Forces 
◦  Fd – drag 
◦  Fs – surface tension 
◦  Fm – Marangoni 
  Departure Forces 
◦  Fb - buoyancy 
◦  Fi – inertia 
◦  Fp - pressure 
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  Determine the effects of surface geometry, 
heat flux, and gravity on boiling dynamics by 
observing the following: 
◦  Boiling on-set conditions 
◦  Steady-state heat transfer coefficients 
◦  Bubble generation and departure dynamics 
  Is nucleate boiling an effective means of heat 
transfer in microgravity? 
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  q’’: Heat Flux 
  h: Heat Transfer 
 Coefficient 
  TS: Surface Temperature 
  T∞: Fluid Temperature 
  P: Power from Heating 
 Element 
  As: Surface Area 
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  Measurements needed 
◦  Power dissipated through the heating element 
◦  Temperature across heating element 
◦  Ambient temperature of the fluid 
◦  Surface geometry of the heating element 
◦  Accelerometer: bubble departure check 
◦  Pressure: saturation temperature of water 
◦  3D bubble viewing 
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Boiling Toolbox 
DAQ Toolbox 
Umbilical 
Free-Floating Structure Fixed Structure 
Power 
Supplies 
Fluid Chamber 
Storage 
Camera 
Power 
NI cRIO DAQ DAQ Power 
g P 
Current  
Resistors 
Fluid Cell 
Holster 
Camera 
Lighting 
Quick Connector 
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  Power On 
  Put Cells in Place – 
Prep for microgravity 
  Microgravity – 
Unclamp and apply 
power 
  Remove power and 
re-clamp – Prep for 
2g 
  Replace Cells 
  Do it again. 
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Power Level 
Selected 
Microgravity 
Initiated 
Power and 
Data Collection 
Turned On 
Thermocouple, 
Voltage, Current, 
and Video Data 
Recorded 
Microgravity 
Ends 
Fluid Cell 
Switched 
  I: Current from Power 
 Supply 
  VR: Voltage Across 
 Resistor 
  RR: Voltage Across 
 Resistor 
  VH: Voltage Across 
 Heater 
  PH: Power Dissipated by 
 Heater 
VR 
VH 
RR 
RH 
I 
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  Platinum used because 
thermal resistance changes 
are very linear and well 
known. 
  RH: Heater Resistance 
  RH0: Reference Resistance 
  TH: Average Heater 
 Surface Temperature 
  TH0: Reference 
 Temperature 
  α: Temperature Coefficient 
 of Resistance 
VR 
VH 
RR 
RH 
I 
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  4 Thermocouples 
aligned radially from 
the platinum heating 
element. 
◦  T∞ during heating 
◦  TH0 for wire temperature 
◦  Give general heat 
dissipation radially from 
wire. 
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  Single Wire 
  Triple and Four Wire 
◦  Temperature Difference 
Drive Heat Transfer 
◦  Hot core temperature 
causes no heat transfer 
once boiling begins. 
◦  Surface areas don’t 
include core. 
  Length (L) is 
measured from each 
video and converted 
from number of pixels 
D 
D 
D 
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  Donated National 
Instruments 
CompactRIO Data 
Acquisition System 
  Thermocouple, 
Analog Input, Analog 
Output, and Digital 
I/O Modules 
  Experiment 
controlled by 
CompactRIO 
controller 
2010 Department of Physics Colloquium 20 
11/7/11	  
11	  
  Measurements: Thermocouples, 
Accelerometer, Pressure, Voltages 
  Sampled continuously for 10 ms. 
  Averaged the sample and recorded average 
and standard deviation. 
  Approximately equivalent to 10,000 Hz. 
sampling frequency. 
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  Two Windows in the 
Cell at 90° from each 
other. 
  Two Kodak Zi8 HD 
Cameras filmed the 
boiling in 1080p 
resolution at 30 fps. 
  Each Camera had 4x 
magnification to 
enhance the 
platinum wire. 
  1 Pixel = 0.014 mm 
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Undergraduate projects proposed, designed, 
built, and flown on zero-g plane out of 
Houston, TX 
Competed against other universities for 14 
spots (Yale, Purdue, Embry-Riddle) 
GAS Team participated during June 16-27 
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Interaction with NASA 
Provided new experiences 
Outreach 
Presentations 
Technical Writing 
•  Proposal 
•  Safety Documents 
•  Final Report 
Engineering Practices 
•  Vibration test 
•  Structural analysis 
•  Design, build, test, operate, analyze 
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Outreach 
2010 Department of Physics Colloquium 26 
11/7/11	  
14	  
Presentations 
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Technical Writing 
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Engineering Practices 
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The Houston Experience 
  What worked 
  What didn't 
  How we fixed it 
  Weightless experience 
  Representing Utah State 
  Connect with old alumni 
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Flight Day 1 
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Flight Day 2 
2010 Department of Physics Colloquium 35 
Connecting to Alumni 
Representing USU 
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  Visual effects of gravity, power, and surface 
geometry 
  Relative bubble area analysis 
  Boiling on-set characteristics 
  Steady-state characteristics 
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  Larger bubbles form in 
0-g 
  Bubbles recondense 
more quickly in 0-g 
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0-g 1-g 
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  Fewer, larger bubbles at 
low power levels 
  More, smaller bubbles 
and jets at high power 
levels 
Increasing Power 
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  Single Wire  
◦  Small bubbles and 
tendency to form jets 
  3-Wire  
◦  Many large bubbles 
  4 – Wire  
◦  Similar to single wire 
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1 3 4 
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Single Wire 
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Power 7 
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Effects of: 
  Surface Geometry 
◦  3-wire creates bubbles of larger diameter which are 
less likely to depart 
◦  Singe wire and 4-wire appear very similar 
  Heat Flux 
◦  Low power levels produce larger bubbles which 
increase in number as power increases 
◦  After a critical power level, jets form and average 
bubble diameter drastically decreases 
  Gravity 
◦  Larger bubbles form in 0-g 
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Single Wire 
3-Wire Twist 
4-Wire Twist 
q” = h(Ts– T∞) 
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  Minimum on-set heat flux for various surface 
geometries 
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Single Wire 3-Wire Twist 4-Wire Twist 
0.825 MW/m2  0.396-0.519 MW/m2  0.586 MW/m2  
Concentrated 
heating 
  Heat transfer in 0-g is very 
inefficient prior to boiling 
  Once boiling, heat transfer is loosely 
dependent or independent of gravity 
  3-wire geometry effectively reduces 
the minimum on-set heat flux 
  Providing a heat flux greater than 
required shortens the conduction 
period and reduces superheating 
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No boiling in 0-g or 
 1-g 
Single Wire 
3-Wire Twist 
4-Wire Twist 
No boiling in 1-g  
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  If neither 1-g or 0-g boil, 1-g heat transfer is 
much more efficient due to natural 
convection 
  If 0-g boils and 1-g does not, 0-g heat 
transfer is more efficient 
  If both boil, 1-g and 0-g heat transfer are 
approximately equal 
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  Gravity, wire geometry, and heat flux clearly 
effect bubble growth and departure dynamics 
  In 0-g, heat transfer prior to boiling is 
inefficient 
  3-Wire geometry effectively reduces the heat 
flux required to initiate boiling 
  While boiling, heat transfer is loosely 
dependent or independent of gravity 
2010 Department of Physics Colloquium 52 
11/7/11	  
27	  
  Extend heat flux range 
toward critical heat flux 
(CHF) 
◦  Does 3-wire burn-out 
first? 
◦  Adjust lighting and 
cameras to capture jets 
better 
  Further resolve on-set 
conditions 
  2-D heaters that utilize 
thin wire findings  
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Top Nodes 
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Possibilities: 
  Enhance cooling 
via heating? 
  Closed-loop heat 
transfer control 
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Quality Plating Company 
2010 Department of Physics Colloquium 56 
11/7/11	  
29	  
•  Gil Moore 
•  Scott Thomas 
•  Russ Laher 
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